Polypyrimidine tract binding protein (PTB) is a member of the hnRNP family of RNA binding proteins (Nucleic Acids Res., 20 (1992) 3671) that functions in a number of processes important for the regulation of mRNA metabolism and gene expression (reviewed in Curr. Biol., 7 (1997) R705). Specifically, PTB binds polypyrimidine-rich intronic elements upstream of alternatively spliced exons to antagonize the binding of the essential U2AF splicing factor and repress the use of the regulated exons in specific tissues (RNA, 1 (1995) 234). Additionally, PTB interacts with elements that mediate 3-prime end processing of nascent transcripts (Mol. Cell. Biol., 19 (1999) 78) and is required for the expression of viral mRNAs that contain an internal ribosome binding site (RNA, 5 (1999) 344; RNA, 1 (1995) 924). Tissuespecific or alternatively spliced isoforms of PTB are thought to have different gene regulatory properties (Proc. Natl Acad. Sci. USA, 97 (2000) 6350; RNA, 7 (2001) 819), but little is known about the function and activity of PTB isoforms during development. Here, we investigate the expression of PTB during Drosophila embryogenesis using in situ hybridization assays. We show that PTB expression is patterned in the early embryo and occurs in specific mesodermal and neuronal lineages as well as in the imaginal discs and adult germline. These data indicate that PTB regulates gene expression in specific tissue lineages during development. q
Results and discussion
Two full length Drosophila polypyrimidine tract binding protein (PTB) (dmPtb) clones isolated from a stage 0-4 embryonic cDNA library (Brown and Kafatos, 1988) were sequenced and found to encode a 581 residue protein that is highly conserved with the human and Caenorhabditis elegans orthologues of PTB, particularly in the RNA recognition motifs (RRM; Fig. 1 ). The analyzed cDNAs did not contain evidence of alternative splicing within the protein coding domain and an examination of genomic sequence (Adams et al., 2000) indicates that PTB is a single gene in Drosophila. This is in contrast with vertebrates, where PTBrelated gene families and alternative splicing generate a number of PTB isoforms (Gil et al., 1991; Kikuchi et al., 2000; Polydorides et al., 2000) . The two dmPTB transcripts are distinguished, however, by unique 5 0 untranslated regions (UTRs) that are encoded by widely-separated sets of exons, and by differentially utilized poly-adenylation sites in the 3 0 UTR (Fig. 1B) .
Digoxygenin-labeled antisense RNA probes directed against the entire PTB coding region were prepared as described (Tautz and Pfeifle, 1989) and used for in situ hybridization assays to determine the pattern of PTB expression during Drosophila embryogenesis (Fig. 2) . These assays show that the Ptb mRNA is supplied maternally and is distributed uniformly in the newly deposited embryo. At stage 3, Ptb message becomes restricted to domains fated to become embryonic mesoderm, although it is not yet clear whether this pattern is generated by new transcription or through the selective degradation of pre-existing mRNA. At stage 5, dmPtb transcripts are restricted to the mesoderm, where by stage 10, expression is localized to dorsal patches that will later become lateral stripes by stage 13. The mesodermal pattern of PTB expression is consistent with its function in muscle development, which is a role previously described for PTB in vertebrates (Mulligan et al., 1992; Gooding et al., 1998; Southby et al., 1999) . In stage 18 embryos, PTB expression in the mesoderm is lost and instead becomes patterned in the developing central nervous system (CNS), where it is strongly expressed in several distinct foci in the brain and in a subset of unidentified cells in the ventral nerve cord.
Developing adult tissues also express dmPtb (Fig. 3 ). In the wing disc, transcripts are expressed throughout the wing blade, with some enhanced expression in the presumptive wing margin. The early developing eye expresses dmPtb in the morphogenetic furrow, although this expression decreases in later stage eye discs. PTB expression has also been reported in mammalian germline, particularly in the testis (Lillevali et al., 2001) . In situ hybridization analyses of Drosophila also show PTB expression in the testis and ovaries (Fig. 4) . Specifically, testis expression of Ptb is found in primary spermatocytes (Fig. 4C) , indicating a role in the post-mitotic development of the male gametes. In support of this, is the observation that the male-sterile mutation, Hephaestus (Castrillon et al., 1993) , maps to the Gil et al., 1991; Patton et al., 1991) and C. elegans (cePTB: accession # Z36948). DmPTB is overall 53% identical with hsPTB with greatest homology through the four RRM. (B) Genetic structure of the PTB gene locus. The PTB locus is contained within 150 kb of genomic sequence on chromosome 3 at 100F and includes a coding region with ten exons and two widely separated exon sets that encode distinct proximal and distal 5 0 UTRs. Comparisons between Ptb cDNAs and genomic sequence show that the distal 5 0 UTR is encoded by two exons, D1 and D2. However, this domain also contains 14 copies of a sequence related to exon D1 and two copies of an element related to exon D2, suggesting that D1 and D2 may be members of a larger exon family. The proximal 5 0 UTR is encoded by a pair of unique exons. PTB cDNAs were found to have 3 0 UTR of differing lengths, suggesting the use of alternative poly-adenylation sites. The P-element insertion that generates the Hephaestus (Heph) male-sterile mutation maps within 4 kb of the proximal 5 0 UTR sequences. Numbering of dmPtb is with respect to Genbank accession # AE003780 (Adams et al., 2000) . dmPTB locus. In the ovaries, Ptb is highly expressed in the nurse cells of stage 10 egg chambers (Fig. 4E) , which is consistent with the observation that dmPtb is a maternally contributed transcript. The embryonic expression of dmPTB in the mesoderm and CNS is consistent with the function of PTB as a regulator of gene expression in vertebrate muscle and neuronal tissues (Chan and Black, 1997; Southby et al., 1999; Zhang et al., 1999; Chou et al., 2000; Polydorides et al., 2000) . However, the tissue-specificity of expression in the Drosophila embryo is in contrast to the general expression of Ptb found in mammals (Patton et al., 1991) and provides evidence that PTB functions in the specification of mesodermal and neuronal lineages during development. (blue) in the ventral nerve cord occurs in a subset of unidentified cells that appear both at the midline (indicated by arrowhead) and lateral to the axons tracts identified by BP102 (brown). Staging of embryos is according to Campos-Ortega and Hartenstein (1997) . Anterior is left and dorsal is at the top of panels A-F.
Experimental procedures

Molecular cloning
Oligonucleotide primers (forward: 5 0 -AAGAACCAGG-CCTTCATTGAGATG; reverse; 5 0 -CATCTTGCGGTCC-TTCTGCAAGAACTTGAA) were developed against well conserved domains of nucleotide conservation in human, pig and rat PTB genes and were used in polymerase chain reactions (PCR) to amplify a partial PTB cDNA fragment from a Drosophila stage 0-4 embryonic cDNA library (Brown and Kafatos, 1988) . This 1.5 kb fragment was then used to probe the cDNA library to isolate full length PTB cDNA clones (Genbank accession #: AF211191). The complete PTB coding domain was subcloned into pBSSK 2 (Stratagene) for the expression of digoxygenin-labeled antisense RNAs (Roche) for use as probes in in situ hybridization assays.
Fly stocks
All assays were done using y 1 w 1118 animals raised on standard corn meal and molasses food (Ashburner, 1989) . (Fuller, 1993) 
. (D)
The early expression of Ptb in the larval gonad is also restricted to the post-mitotic spermatocytes. (E) In the ovaries, Ptb is highly expressed by the nurse cells of stage 10 egg chambers. Fig. 3. (A) PTB expression in the wing imaginal disc occurs throughout the wing blade, with some higher level of expression at the wing margin (arrow). In the eye disc (B, C), Ptb transcripts are found in a stripe suggestive of the early morphogenetic furrow (B: arrow), although expression is not found in the furrow of the later disc (C: arrow).
In situ hybridizations
Whole mount in situ hybridization experiments were conducted according to the protocol of Tautz and Pfeifle (1989) . For double labeling, embryos were treated as for in situ hybridization, except that the proteinase K step was omitted and then reacted with the axon specific antibody, BP102 (Developmental Studies Hybridoma Bank), following the hybridization steps. Images were collected on a Leica DMR microscope fitted with a Fuji Fine-Pix digital camera and assembled using Adobe Photoshop.
